Objective: The purpose of this study is to identify the incidence risk of cardiovascular disease (CVD) in the workplace, and to suggest the prediction models for level of CVD incidence risk.
, and encourages the combination of risk assessment results with work properties to provide work-related measures. The goal of this assessment is to evaluate the risks for prevention and for deciding upon the requirements of the employee/r and assigned doctor's role in post-management. In order to effectively prevent the CVD, employers should practice risk assessment. For healthy employees without aggravating factors, assessment should be done once every two years and once a year for healthy employees that have potentially dangerous habits. The risk group is classified into 3 categories according to the possibility of CVD occurrence; low, medium, high (KOSHA, 2013) .
This study examines the CVD risk factors of KOSHA GUIDE H-1-2013 using medical examination data and aims to provide a revised method of assessment for management level evaluation including additional risk factors.
Method

Analyzing result of risk assessment according to the work conditions
This study evaluated results of medical examinations of 162 workers from 3 companies in the manufacturing, service, and electrical industry on CVD risks based on the KOSHA GUIDE H-1-2013 criteria. Table 1 displays the work styles of the 162 subjects in the study, according to work-type. Based on the KOSHA Guide CVD risk evaluations, the medical examination data is analyzed to assess working hours and shift types as risk factors.
Suggesting risk assessment models
In this study, the suitability of KOSHA GUIDE H-1-2013 verified while suggestions are made for better evaluation of CVD risk 
Verifying suitability for suggested models
To verify the suggested models, medical examination results of 12 subjects approved of convalescence during 2009 to 2013 due to CVD were referred to. The medical examinations were done prior to the approval. Seven out of 12 subjects were diagnosed with cardiovascular disorder and 5 with cerebrovascular disease. The average age of the 12 subjects was 45.5 years old and consisted of 11 men and 1 woman.
Results
Risk assessment results by work conditions
Effect of shift work
Medical examination results of 81 workers with shifts and 81 without shifts working in 3 companies in the manufacturing, service and electrical industry were compared with KOSHA GUIDE H-1-2013 in Table 2 . Results showed difference between normal and shift workers, verified by the Chi-square test of independence (p<0.001). Table 2 illustrates the higher rate of risk groups for shifts, despite having similar working environments.
Effect of work time
The risk assessment results of the 162 workers in 3 companies by working time are shown in Table 3 , while it is revised based on 50 hours of work per week in Table 4 . The Chi-square test of independence on the data in Table 4 showed difference in distribution of risk assessment between workers with less than 50 hours and over 50 hours of work at 10% level of significance (p=0.077). In addition, risk group rates were higher for those exceeding 50 hours of work per week (Table 4) . 
J Ergon Soc Korea
Journal of the Ergonomics Society of Korea
Revised suggestions for KOSHA GUIDE H-1-2013
Alternative 1: Add risk factors
The first alternative is to add risk factors such as work time and shift in the KOSHA GUIDE H-1-2013. Table 5 displays the risk scores and additional scores for work time and shift type. Additional scores will be given +1 for shifts (+2 for double shifts), +1
for over 50 hours of work per week (+2 for over 60 hours). The total risk score will be calculated as a sum of the KOSHA GUIDE GUIDE H-1-2013 risk scores (number of relevant risk factors from the list) and the additional scores. 
Alternative 2: Add stratification of work conditions
The second alternative is a two-step evaluation method involving the assessment of work condition and combining the results with KOSHA GUIDE H-1-2013 risk assessment results. A matrix based on risk assessment theory is applied in each step for grading. Table 7 is the stratification of work conditions combining work time and shift type. Fifty or sixty hours of work and triple or double shifts determine the work condition levels. • HDL-cholesterol: Male<40mg/dl, or Female<45mg/dl
• History of CVD in first-degree relatives before age 50
• Obesity (BMI>30), physical inactivity
• Ventricular fibrillation
Add scores • Shift (+1), or 2-shift (+2)
• Work time > 50 hours (+1), or work time > 60 hours (+2) 
Verification for alternatives
To compare the alternatives with the current KOSHA GUIDE H-1-2013 method, medical examination data of 12 shift workers that were approved convalescence of CVD during 2009 to 2013 were analyzed. The medical examinations were done prior to the approval.
In Table 9 , 100% of workers approved of cardiovascular disorder and 80% approved of cerebrovascular disease appeared to have ideal (systolic: -120, diastolic: -80), normal (systolic: 120-130, diastolic: 81-85) or high normal (systolic: 135-139, diastolic:
85-89) blood pressure levels (unit: mm/Hg). 91.7% of the total subjects had normal blood pressure in the examinations and 58.3% showed no relevance in the risk factor assessment. This means that many of the approved workers are evaluated as normal by the risk factor assessment. Therefore, results imply that more approved workers had been from unmanaged normal groups than managed risk groups, raising the importance of CVD management. Table 10 displays the results of applying the alternatives 1 and 2 in evaluating risk factors for the 12 workers approved with cardiovascular diseases. It indicates that the rate of being included in the risk group is lowest when following the KOSHA GUIDE H-1-2013 and highest for alternative 2. Thus, alternative 2 best reflects the medical examination results and work conditions of the approved workers. 
Discussion and Conclusion
In this study, the distribution of CVD risk assessment levels of work shift and work time following the KOSHA GUIDE H-1-2013
was compared with the acquired medical examination data to discuss the necessity of additional risk factors. Based on this comparison, two alternatives were given to enhance the accuracy of the evaluation; adjusting risk scores given in the KOSHA GUIDE H-1-2013 (alternative 1) and building a matrix of KOSHA GUIDE H-1-2013 and risk assessment results based on work condition levels (alternative 2). The second alternative showed more relevance between the results and workers approved of convalescence in predicting the risk group when applied to actual heath examination data from the approved workers. Also, many of the approved workers are evaluated as normal by the risk factor assessment of KOSHA GUIDE H-1-2013. Results imply that more approved workers had been from unmanaged normal groups than managed risk groups, raising the importance of CVD management in the workplace.
Worker safety and health laws are being established or medical examination data are being utilized for prevention (Cho and Jeong, 2013; Pyo and Jeong, 2010; Jeon and Jeong, 2013) , along with data of approved convalescence Yoo et al., 2011) and approaches in risk assessment (Jeong et al., 2012; Shin, 2013) in work places. In particular, researches on the effects of work time (ILO, 1990; Kim et al., 2012; Yoo et al., 2011) or shift work (Folkard, 2005; Jeon and Jeong, 2010; Jung et al., 2007; Kim et al., 2006; Park, 2012 , Seo et al., 2003 on CVD have shown influence.
This study shines light on work time and shift type as risk factors having significance as management considerations for the prevention of CVD in the workplace. In this study, the evaluation was based on data from a limited 12 of convalescence-approved workers and the work type and hours were not retrieved on a sufficient number of samples. In order to make changes in the risk assessment guideline, further study is required for verifying risk factors with actual patients. However, this study was able to consider the previously neglected work time and shift factors in the CVD KOSHA GUIDE H-1-2013, providing alternatives for 
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Journal of the Ergonomics Society of Korea efficient management of employers with more challenging tasks from long hours of work and many shifts. Also, the risk levels suggested in this study is more a method of prevention rather than evaluation of convalescence-approved workers. Thus, further investigation is required for its application. Moreover, limits in comprehensive consideration of other CDV aggravating factors related to job stress, such as changes in workload or the external environment, signals for further need of study.
